
US 20060227062A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0227062 A1 

Francque et al. (43) Pub. Date: Oct. 12, 2006 

(54) 

(75) 

(73) 

(21) 

(22) 

(51) 

“K 

ANTENNA SYSTEM WITH PARASITIC 
ELEMENT AND ASSOCIATED METHOD 

Inventors: Craig Francque, Derby, KS (US); 
Phillip A. Lindsey, Atlanta, KS (US) 

Correspondence Address: 
ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 (US) 

Assignee: The Boeing Company, Chicago, IL 

Appl. No.: 11/100,116 

Filed: Apr. 6, 2005 

Publication Classi?cation 

Int. Cl. 
H01Q 21/00 (2006.01) 

38b 

38 

38a 

32 

(52) US. Cl. ......................... .. 343/893; 343/833; 343/834 

(57) ABSTRACT 

An antenna system comprises a parasitic element, which is 
an electrically tuned structural element, installed between 
antennas to reduce or eliminate antenna-to-antenna coupled 
electromagnetic interference by emitting destructive inter 
ference in the direction from one antenna to another antenna. 
The antenna system comprises a ?rst antenna operating at a 
?rst wavelength, a second antenna operating at a second 
wavelength, and a parasitic element located between the ?rst 
antenna and the second antenna for reducing the amplitude 
of signals from the ?rst antenna that would otherwise create 
electromagnetic interference in a receiver connected to the 
second antenna. The parasitic element is typically spaced 
from the ?rst antenna by a distance substantially equal to one 
quarter of the ?rst wavelength. The parasitic element gen 
erally has a height that is greater than the height of the ?rst 
antenna. 
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ANTENNA SYSTEM WITH PARASITIC ELEMENT 
AND ASSOCIATED METHOD 

FIELD OF THE INVENTION 

[0001] The present invention is related to antenna systems, 
and more particularly, to an improved antenna system that 
reduces electromagnetic interference betWeen antennas. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, Wireless communications systems 
have become common and the number of different types of 
communications systems has greatly increased. This is par 
ticularly true for commercial and military aircraft. In addi 
tion to communications systems, other types of Wireless 
systems such as navigation and surveillance systems are 
common. Wireless systems require antennas to operate. 
Since the number of Wireless systems has greatly increased 
there has been a corresponding increase in the number of 
antennas. Where a large number of antennas are required to 
be used in a small area, such as on a vehicle, problems With 
electromagnetic interference (EMI) can result. 

[0003] NeW communications, navigation, and surveillance 
avionics systems are rapidly being added to aircraft. In 
commercial and general aviation aircraft, for example, high 
speed and large bandWidth communications systems that 
provide intemet access and satellite television are being 
added. The trend in both military and commercial aircraft to 
add more communications and avionics systems is expected 
to continue, Which in turn Will likely cause an increase in the 
number of antennas. Given the limited external surface area 
of aircraft, as Well as the aerodynamic considerations, a 
larger number of antennas necessarily means the antennas 
must be mounted closer together. 

[0004] This increasing density of the antenna suite makes 
it more dif?cult to maintain inter-system electromagnetic 
compatibility. Antenna-to-antenna coupled EMI becomes an 
increasingly di?icult issue. On some aircraft, for example, 
simultaneous operation of multiple avionics systems is cur 
rently not achievable because of EMI. This density of the 
antenna suite also makes it more dif?cult to successfully 
implement the traditional techniques for reducing EMI to 
more manageable levels. 

[0005] Prior techniques for reducing or eliminating 
antenna-to-antenna coupled EMI include physically sepa 
rating the antennas by a distance that ensures adequate space 
loss, installing radio frequency (RF) ?lters, frequency man 
agement, or installing interference blanking systems. As the 
density of the aircraft antenna suite continues to increase, 
selecting antenna locations that provide adequate space loss 
may not be possible. In addition, traditional RF ?lter solu 
tions are typically not applicable for the in-band interference 
condition, While ?lter performance for out-of-band interfer 
ence applications may not provide enough attenuation in the 
stop-band, or the transition band roll-o?‘ characteristic may 
not provide the required attenuation. Moreover, frequency 
management techniques limit the ?exibility of system opera 
tions and may not be an acceptable alternative from the 
user’s perspective, While interference blanking systems are 
inherently complex and do not provide for simultaneous 
multiple system operations. The blanking systems may also 
be cost prohibitive. As more communications and avionics 
systems are added to aircraft, maintaining inter-system com 
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patibility using other traditional techniques for reducing 
EMI may become cost prohibitive. In addition, the density 
of the antenna suite may increase to the point Where the 
traditional techniques for reducing EMI are simply not 
capable of preventing antenna-to-antenna coupled EMI. 

[0006] While the problem of antenna-to-antenna coupled 
EMI is particularly acute on aircraft, this problem exists on 
other types of vehicles as Well as stationary structures 
having dense antenna suites. Therefore it Would be desirable 
to have an improved antenna system Whereby antenna-to 
antenna coupled EMI is reduced or eliminated. 

BRIEF SUMMARY OF THE INVENTION 

[0007] An antenna system is therefore provided Whereby 
a parasitic element, Which is an electrically tuned structural 
element, is installed betWeen antennas to reduce or eliminate 
antenna-to-antenna coupled EMI by emitting destructive 
interference in the direction from one antenna to another 
antenna. In this regard, the antenna system comprises a ?rst 
antenna operating at a ?rst Wavelength, a second antenna 
operating at a second Wavelength, and a parasitic element 
located betWeen the ?rst antenna and the second antenna for 
reducing the amplitude of signals from the ?rst antenna that 
Would otherWise create electromagnetic interference in a 
receiver connected to the second antenna. The parasitic 
element may have a height that is greater than a height of the 
?rst antenna. The parasitic element may be spaced from the 
?rst antenna by a distance substantially equal to one quarter 
of the ?rst Wavelength. 

[0008] In one embodiment, the parasitic element may have 
a height that is greater than a height of the second antenna. 
The parasitic element may be spaced from the second 
antenna by a distance substantially equal to one quarter of 
the second Wavelength. 

[0009] In another embodiment in Which the parasitic ele 
ment is a ?rst parasitic element, the antenna system may 
further comprise a second parasitic element. The ?rst para 
sitic element may have a height that is greater than a height 
of the ?rst antenna, and the second parasitic element may 
have a height that is greater than a height of the second 
antenna. The ?rst parasitic element may be spaced from the 
?rst antenna by a distance substantially equal to one quarter 
of the ?rst Wavelength and the second parasitic element may 
be spaced from the second antenna by a distance substan 
tially equal to one quarter of the second Wavelength. 

[0010] In one embodiment, the ?rst Wavelength may be 
the same as the second Wavelength. In an alternative 
embodiment, the ?rst Wavelength may be different than the 
second Wavelength. In another alternative embodiment, the 
?rst antenna may be operating at a plurality of Wavelengths. 
The parasitic element may comprise a cylinder. Altema 
tively, the parasitic element may have a planar shape, such 
as rectangular or trapeZoidal. A planar parasitic element may 
be photo-etched on a dielectric substrate. The parasitic 
element may be encased by a foam ?lled dielectric cover 
having an aerodynamic shape. 

[0011] In one embodiment, the antenna system may com 
prise a plurality of antennas operating at a plurality of 
respective Wavelengths and a plurality of parasitic elements 
located betWeen at least tWo of the plurality of antennas and 
the second antenna. 
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[0012] The antenna system of the present invention may 
be mounted on a vehicle, most preferably an aircraft. In one 
embodiment of the invention, a vehicle system comprises a 
vehicle body and any of the antenna systems described in 
this application. The vehicle body may comprise an aircraft, 
motor vehicle, a ship, or any other type of vehicle. A vehicle 
system may comprise a vehicle body, a ?rst antenna 
mounted on the vehicle body operating at a ?rst Wavelength, 
a second antenna mounted on the vehicle body operating at 
a second Wavelength, and a parasitic element mounted on 
the vehicle body located betWeen the ?rst antenna and the 
second antenna for reducing the amplitude of signals from 
the ?rst antenna that Would otherWise create electromagnetic 
interference in a receiver connected to the second antenna. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

[0013] FIG. 1 is a graph of signals Within an antenna 
system in accordance With the present invention. 

[0014] FIG. 2 is a perspective vieW of a vehicle system in 
accordance With the present invention. 

[0015] FIG. 3 is a side planar vieW of an antenna system 
in accordance With the present invention, illustrating a single 
parasitic element to reduce the amplitude of signals from a 
single antenna. 

[0016] FIG. 4 is a side planar vieW of an antenna system 
in accordance With the present invention, illustrating a single 
parasitic element to reduce the amplitude of signals from a 
single antenna. 

[0017] FIG. 5 is a side planar vieW of an antenna system 
in accordance With the present invention, illustrating tWo 
parasitic elements to reduce the amplitude of signals from a 
single antenna. 

[0018] FIG. 6 is a side planar vieW of an antenna system 
in accordance With the present invention, illustrating a 
plurality of parasitic elements to reduce the amplitude of 
signals from a plurality of antennas. 

[0019] FIGS. 7A-7E are side planar vieWs of parasitic 
elements having planar shapes in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The present invention noW Will be described more 
fully With reference to the accompanying draWings, in Which 
some, but not all embodiments of the invention are shoWn. 
This invention may be embodied in many different forms 
and should not be construed as limited to the embodiments 
set forth. Like numbers refer to like elements throughout. 

[0021] The present invention is an improved antenna 
system Whereby a parasitic element, Which is an electrically 
tuned structural element, is installed betWeen antennas to 
reduce or eliminate antenna-to-antenna coupled EMI. The 
radiated ?elds of one antenna, called an emitter antenna, 
excite the parasitic element and create a current distribution 
in the parasitic element, thereby creating other radiated 
?elds. The radiated ?elds from the parasitic element in the 
direction from the parasitic element toWard the receptor 
antenna are out of phase With the radiated ?elds from the 
emitter antenna in the direction from the parasitic element 
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toWard the receptor antenna. When the radiated ?elds from 
the parasitic element combine With the radiated ?elds from 
the emitter antenna, the resulting combined radiated ?elds 
have reduced amplitudes compared to the radiated ?elds 
from the emitter. As a result, the energy coupled in the 
direction of a second antenna, called a receptor antenna, is 
signi?cantly reduced. This reduction of energy in the direc 
tion of the receptor antenna reduces the potential for EMI 
betWeen the tWo antennas. The presence of the parasitic 
element, hoWever, has minimal effect on the installed far 
?eld radiation pattern of the antennas and therefore has a 
minimal effect on antenna performance. 

[0022] FIG. 1 illustrates signals Within an antenna system 
of the present invention. Signal 10 illustrates a signal that 
may be transmitted from an emitter antenna. If the antenna 
system comprised an emitter antenna and a receptor antenna 
Without a parasitic element, signal 10 Would typically arrive 
at the receptor antenna With substantially the same ampli 
tude as shoWn in FIG. 1. A signal With the amplitude of 
signal 10 arriving at the receptor antenna may cause EMI in 
a receiver connected to the receptor antenna. When a para 
sitic element is located betWeen the emitter antenna and the 
receptor antenna, a current distribution may be created in the 
parasitic element as discussed above, causing the parasitic 
element to transmit signal 12. Signal 12 is out of phase With 
signal 10. As such, signal 12 combines With signal 10 in the 
direction from the parasitic element toWard the receptor 
antenna. Because signal 12 is out of phase With signal 10, the 
resulting combined signal 14 has a reduced amplitude. The 
combination of signal 12 and signal 10 resulting in a signal 
With a reduced amplitude may be termed destructive inter 
ference. This reduction in amplitude of the signal arriving at 
the receptor antenna reduces the potential for EMI in a 
receiver connected to the receptor antenna. This reduction in 
amplitude occurs only in the direction from the parasitic 
element toWard the receptor antenna. In other directions, 
particularly from the parasitic element toWard the emitter 
antenna, signal 10 and signal 12 Would typically combine to 
produce a resulting signal With an increased amplitude. 

[0023] The emitter antenna is denoted as such because it 
is the source of the EMI radiated toWard the receptor 
antenna, and the receptor antenna is denoted as such because 
it receives the EMI radiated from the emitter antenna. An 
antenna that is connected to a transmitter cannot receive 
EMI, and therefore Would not be denoted as a receptor 
antenna. An antenna that is connected to a transceiver may 
be the source of EMI radiated toWard one antenna While at 
a different point in time may receive EMI radiated from 
another antenna. Therefore, an antenna that is connected to 
a transceiver may be denoted as both an emitter antenna and 
a receptor antenna, depending on Whether the transceiver 
connected to such an antenna Was in the transmit mode or 
the receive mode. 

[0024] An antenna functioning as an emitter Will radiate a 
signal at one fundamental frequency at a point in time, 
depending on the frequency that has been selected in the 
radio frequency (RF) transmitter. Similarly, an antenna 
functioning as a receptor Will receive a signal at one fun 
damental frequency at a point in time, depending on the 
frequency that has been selected at the RF receiver. In 
addition to the fundamental frequency, each emitter antenna 
radiates harmonics of the fundamental frequency as Well as 
spurious emissions simultaneously With the selected funda 
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mental frequency. As such, an emitter antenna radiates 
multiple frequencies simultaneously. 
[0025] The parasitic element is electrically tuned by con 
trolling its height and controlling the spacing betWeen the 
element and the antennas. These dimensions may also be 
selected in a manner that affects both in-band and out-of 
band interference. The parasitic element provides the largest 
reduction of the amplitude of a signal for Which the parasitic 
element is tuned (termed the tuned frequency), With less 
reduction of the amplitude of signals at other frequencies. 
The parasitic element Will simultaneously produce destruc 
tive interference for the tuned frequency and other frequen 
cies, including frequencies above and beloW the tuned 
frequency. 

[0026] FIG. 2 illustrates a perspective vieW of a vehicle 
system 20 in accordance With one embodiment of the 
present invention. According to the depicted embodiment, 
the vehicle system 20 comprises a vehicle body 22, an 
emitter antenna 24, a receptor antenna 28, and a parasitic 
element 26. Emitter antenna 24, receptor antenna 28, and 
parasitic element 26 may all be encased in a foam ?lled 
dielectric cover having an aerodynamic shape, such as the 
blade-like shape in FIG. 2. In this embodiment, the vehicle 
system is an aircraft, although other vehicle systems as Well 
as other stationary structures may employ the present inven 
tion. Emitter antenna 24 transmits signals having a ?rst 
Wavelength or a plurality of ?rst Wavelengths. Receptor 
antenna 28 is con?gured to receive signals having a second 
Wavelength, such that the second Wavelength may be the 
same as or different than the ?rst Wavelength. Parasitic 
element 26 is mounted on vehicle body 22 and is located 
betWeen emitter antenna 24 and receptor antenna 28, such 
that parasitic element 26 reduces the amplitude of signals 
from emitter antenna 24 that Would otherWise create EMI in 
a receiver connected to receptor antenna 28. Typically, 
parasitic element 26 Would be located on a line betWeen 
emitter antenna 24 and receptor antenna 28, although the 
parasitic element 26 may be slightly displaced on either side 
of such a line if desired. HoWever, such a displacement from 
the line betWeen the emitter antenna and the receptor 
antenna Would likely reduce the amount of EMI reduction 
that could otherWise be achieved if the parasitic element is 
located on the line. 

[0027] FIG. 3 illustrates a side planar vieW of an antenna 
system 30 such as described in accordance With FIG. 2. 
Antenna system 30 comprises an emitter antenna 34, a 
receptor antenna 38, and a parasitic element 36, all mounted 
on a surface 32 such as a vehicle body. Typically, the 
parasitic element 36 Would be spaced from the emitter 
antenna 34 by a distance substantially equal to one quarter 
of a Wavelength of the signal being transmitted by the 
emitter antenna 34. The distance betWeen the emitter 
antenna and the parasitic element may vary. As the distance 
betWeen the parasitic element and the emitter antenna is 
increased, the voltage standing Wave ratio (VSWR) 
improves, such that a distance of three sixteenths of a 
Wavelength or greater Would typically provide a desirable 
VSWR. HoWever, as the distance betWeen the emitter 
antenna and the parasitic element is decreased, greater 
reduction of EMI is achieved, such that a distance of one 
eighth or one quarter of a Wavelength Would typically 
provide a desirable amount of EMI reduction. Additionally, 
the distance betWeen the emitter antenna and the parasitic 
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element may affect radiation pattern performance. As such, 
selecting the distance betWeen the emitter antenna and the 
parasitic element generally involves balancing emitter 
antenna VSWR, radiation pattern performance, and EMI 
reduction. A distance of one quarter of a Wavelength typi 
cally provides a desirable VSWR, desirable radiation pattern 
performance, and a desirable amount of EMI reduction. 

[0028] In this embodiment in Which the parasitic element 
is spaced one quarter Wavelength aWay from the emitter 
antenna, the parasitic element 36 Would typically have a 
height 36a that is greater than one quarter of a Wavelength 
of the loWest fundamental frequency being transmitted by 
the emitter antenna 34. The height 36a of the parasitic 
element 36 Would typically be measured from the distal end 
36b to the mounting surface 32. Emitter antenna 34 typically 
has a height 34a that is substantially equal to one quarter of 
a Wavelength of the loWest fundamental frequency being 
transmitted by the emitter antenna 34. The height 34a of the 
emitter antenna 34 Would typically be measured from the 
distal end 34b to the mounting surface 32. As such, the 
parasitic element 36 typically has a height 3611 that is greater 
than the height of the emitter antenna 34. If the height of the 
parasitic element is less than the height of the emitter 
antenna, then the parasitic element may increase the ampli 
tude of the signal toWard the receptor antenna and thus 
provide an undesirable result. 

[0029] The parasitic element 36 may be cylindrical in 
shape, such as a circular cylinder or an elliptical cylinder. A 
parasitic element that has a circular cylindrical shape may 
have a diameter of ?ve to ten millimeters. The parasitic 
element may also be planar shaped, as illustrated in FIGS. 
7A-7E. The parasitic element may have a number of differ 
ent shapes, depending on the desired performance charac 
teristics, and Will typically be encased in an aerodynamically 
shaped dielectric cover. HoWever, the parasitic element may 
be blade shaped, Wherein such a parasitic element Would 
have an aerodynamic shape and as such may not be encased 
in a foam-?lled dielectric cover. The parasitic element may 
be any type of structure that receives a signal from one 
antenna and emits destructive interference in the direction of 
another antenna. The parasitic element Would typically be 
mounted on the outer skin of a vehicle, such as an aircraft, 
such that the parasitic element is perpendicular to the skin of 
the vehicle, hoWever other mounting con?gurations may be 
used. The parasitic element 36 is typically comprised of an 
electrically conductive material, such as copper. 

[0030] FIG. 4 illustrates a side planar vieW of an antenna 
system 40 in accordance With another embodiment of the 
present invention. According to the depicted embodiment, 
the antenna system 40 comprises an emitter antenna 34, a 
receptor antenna 38, and a parasitic element 42. In this 
embodiment, parasitic element 42 may be spaced a distance 
aWay from the receptor antenna 38 that is substantially equal 
to one quarter Wavelength of the loWest fundamental fre 
quency being received by the receptor antenna 38. In this 
embodiment, the height of the parasitic element 42 Would 
typically be greater than the height of the receptor antenna 
38, rather than being greater than the height of the emitter 
antenna as in the system of FIG. 3. The height 38a of the 
receptor antenna 38 Would typically be measured from the 
distal end 38b to the mounting surface 32. 

[0031] FIG. 5 illustrates a side planar vieW of an antenna 
system 50 in accordance With another embodiment of the 
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present invention. According to the depicted embodiment, 
the antenna system 50 comprises an emitter antenna 34, a 
receptor antenna 38, a ?rst parasitic element 36, and a 
second parasitic element 42. In this embodiment, ?rst para 
sitic element 36 is typically spaced a distance aWay from the 
emitter antenna 34 that is substantially equal to one quarter 
Wavelength of the loWest fundamental frequency being 
transmitted by the emitter antenna 34. Second parasitic 
element 42 may be spaced a distance aWay from the receptor 
antenna 38 that is substantially equal to one quarter Wave 
length of the loWest fundamental frequency being received 
by the receptor antenna 38. In this embodiment, the height 
of the ?rst parasitic element 36 Would typically be greater 
than the height of the emitter antenna 34, and the height of 
the second parasitic element 42 Would typically be greater 
than the height of the receptor antenna 38. The antenna 
system of FIG. 5, having tWo parasitic elements, may reduce 
the amplitude of the signal from the emitter antenna 34 by 
as much as tWice as much as the antenna system of FIG. 3 
or the antenna system of FIG. 4. 

[0032] While a single antenna can emit signals having 
multiple Wavelengths, an antenna system can include mul 
tiple emitter antennas, each emitting a di?cerent Wavelength. 
See FIG. 6 in Which antenna system 60 has three emitter 
antennas 62a, 62b, and 620, each emitting a different Wave 
length. In this instance, there are three parasitic elements 
64a, 64b, and 640 reducing the amplitude of signals from 
emitter antennas 62a, 62b, and 620, respectively. 

[0033] Although FIGS. 3-6 shoW antennas as end fed 
quarter Wavelength monopoles over a ground plane, 
embodiments of the present invention may include other 
types of antennas. 

[0034] In addition to the cylindrical parasitic elements 
illustrated in FIG. 3-6, FIGS. 7A-7E illustrate alternative 
embodiments of parasitic elements having planar shapes. A 
parasitic element having a planar shape Would generally be 
positioned betWeen an emitter antenna and a receptor 
antenna such that the plane of the parasitic element Would be 
aligned With the line betWeen the emitter antenna and the 
receptor antenna. A parasitic element having a planar shape 
may reduce the amplitude of a plurality of signals having a 
plurality of Wavelengths. A parasitic element having a planar 
shape may reduce the amplitude of signals having a larger 
number of dilfering Wavelengths than Would be typically 
reduced by a cylindrical parasitic element. As such, parasitic 
elements having a planar shape may be said to have a larger 
e?‘ective bandWidth than cylindrical parasitic elements. A 
larger e?‘ective bandWidth is generally desirable because the 
emitter antenna Will typically transmit signals having a 
plurality of different Wavelengths. Additionally, a parasitic 
element having a planar shape may provide a greater reduc 
tion of the signal from the emitter antenna than provided by 
a cylindrical parasitic element. As such, a parasitic element 
having a planar shape may provide reduced antenna-to 
antenna EMI coupling. The planar shape of a parasitic 
element may vary as discussed beloW. The conductive 
portion of the parasitic element Would typically be com 
prised of copper and Would be photo-etched onto a dielectric 
substrate. 

[0035] FIG. 7A illustrates one embodiment of a planar 
parasitic element. The parasitic element 70a of FIG. 7A 
comprises a conductive portion 72a on a dielectric substrate 
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74. The conductive portion 72a is generally rectangular, 
such that top edge 78a is substantially parallel to bottom 
edge 77a (and to mounting surface 32) and side edges 7611 
are substantially parallel to each other. Such a rectangular 
planar parasitic element may have an increased e?cective 
bandWidth and reduced EMI coupling. 

[0036] FIG. 7B illustrates another embodiment of a planar 
parasitic element. The conductive portion 72b of parasitic 
element 70b is generally trapeZoidal, such that side edges 
76b are substantially parallel to each other but top edge 78b 
is not parallel to bottom edge 77b. Rather, top edge 78b is 
angled such that the height of the side edge that is closer to 
the emitter antenna is less than the height of the side edge 
that is closer to the receptor antenna. Such a trapeZoidal 
planar parasitic element having an angled top edge may have 
an increased e?‘ective bandWidth and reduced EMI coupling. 

[0037] FIG. 7C illustrates another embodiment of a planar 
parasitic element. The conductive portion 720 of parasitic 
element 700 is also generally trapezoidal. Top edge 780 is 
substantially parallel to bottom edge 770. Side edges 760 are 
angled toWard the center of the conductive portion such that 
the top edge 780 is longer than the bottom edge 770. Such 
a trapeZoidal planar parasitic element having angled side 
edges may have an increased e?cective bandWidth and 
reduced EMI coupling. 

[0038] FIG. 7D illustrates another embodiment of a planar 
parasitic element. The conductive portion 72d is generally 
rectangular, as in the parasitic element of FIG. 7A. HoW 
ever, the conductive portion 72d of the parasitic element of 
FIG. 7D de?nes a plurality of perforations Within the planar 
surface. Such a rectangular planar parasitic element may 
have an increased e?‘ective bandWidth and reduced EMI 
coupling. The perforations increase edge diffraction and may 
result in further reductions in EMI coupling. Such perfora 
tions may be used in any of the planar parasitic elements of 
FIGS. 7A-7E, With similar additional reductions in EMI 
coupling. 

[0039] FIG. 7E illustrates another embodiment of a planar 
parasitic element. The conductive portion 72e has a similar 
shape to that of the conductive portion 720 of FIG. 7C. 
HoWever, the side edges 76e of FIG. 7E curve toWard the 
center of the conductive portion. Such a planar parasitic 
element having curved side edges may have an increased 
e?‘ective bandWidth and reduced EMI coupling. 

[0040] In addition, each antenna and each parasitic ele 
ment is generally encased in a foam ?lled dielectric material. 
The foam ?lled dielectric material is generally found to have 
an aerodynamic shape, such as a blade shape, to provide loW 
Wind resistance. The parasitic element is generally com 
prised of an electrically conductive material such as copper. 
The parasitic element is generally grounded to the aircraft 
skin With a metallic base plate. 

[0041] By reducing the amplitude of signals from the 
emitting antennas, there is less interference at the receiver 
connected to the receptor antenna, thus the antennas can be 
mounted closer together Without EMI degrading the perfor 
mance of the receivers. The present invention has many 
advantages over the traditional EMI ?xes. Both in-band as 
Well as out-of-band antenna-to-antenna coupled EMI can be 
signi?cantly reduced or may be eliminated. Implementation 
of the present invention requires relatively minor structural 



US 2006/0227062 A1 

modi?cation of the vehicle. Design and implementation of 
the structure is relatively simple and inexpensive. 

[0042] The invention is not limited to the speci?c dis 
closed embodiments. Although speci?c terms are employed, 
they are used in a generic and descriptive sense only and not 
for purposes of limitation. 

That Which is claimed: 
1. An antenna system comprising: 

a ?rst antenna operating at a ?rst Wavelength; 

a second antenna operating at a second Wavelength; and 

a parasitic element located betWeen the ?rst antenna and 
the second antenna for reducing the amplitude of 
signals from the ?rst antenna that Would otherWise 
create electromagnetic interference in a receiver con 
nected to the second antenna. 

2. The antenna system of claim 1, Wherein the parasitic 
element has a height that is greater than a height of the ?rst 
antenna. 

3. The antenna system of claim 2, Wherein the parasitic 
element is spaced from the ?rst antenna by a distance 
substantially equal to one quarter of the ?rst Wavelength. 

4. The antenna system of claim 1, Wherein the parasitic 
element has a height that is greater than a height of the 
second antenna. 

5. The antenna system of claim 4, Wherein the parasitic 
element is spaced from the second antenna by a distance 
substantially equal to one quarter of the second Wavelength. 

6. The antenna system of claim 1, Wherein the parasitic 
element is a ?rst parasitic element, Wherein the antenna 
system further comprises a second parasitic element, 
Wherein the ?rst parasitic element has a height that is greater 
than a height of the ?rst antenna, and Wherein the second 
parasitic element has a height that is greater than a height of 
the second antenna. 

7. The antenna system of claim 6, Wherein the ?rst 
parasitic element is spaced from the ?rst antenna by a 
distance substantially equal to one quarter of the ?rst Wave 
length and Wherein the second parasitic element is spaced 
from the second antenna by a distance substantially equal to 
one quarter of the second Wavelength. 

8. The antenna system of claim 1, Wherein the ?rst 
Wavelength is the same as the second Wavelength. 

9. The antenna system of claim 1, Wherein the ?rst 
Wavelength is different than the second Wavelength. 

10. The antenna system of claim 1, Wherein the ?rst 
antenna is operating at a plurality of Wavelengths. 

11. The antenna system of claim 1, Wherein the parasitic 
element comprises a cylinder. 

12. The antenna system of claim 1, Wherein the parasitic 
element has a planar shape selected from the group com 
prising rectangular and trapeZoidal. 

13. The antenna system of claim 12, Wherein the parasitic 
element is photo-etched on a dielectric substrate. 

14. The antenna system of claim 1, further comprising a 
plurality of antennas operating at a plurality of respective 
Wavelengths and a plurality of parasitic elements located 
betWeen at least tWo of the plurality of antennas and the 
second antenna. 
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15. A vehicle system comprising: 

a vehicle body; 

a ?rst antenna mounted on the vehicle body operating at 
a ?rst Wavelength; 

a second antenna mounted on the vehicle body operating 
at a second Wavelength; and 

a parasitic element mounted on the vehicle body located 
betWeen the ?rst antenna and the second antenna for 
reducing the amplitude of signals from the ?rst antenna 
that Would otherWise create electromagnetic interfer 
ence in a receiver connected to the second antenna. 

16. The vehicle system of claim 15, Wherein the vehicle 
body is an aircraft. 

17. The vehicle system of claim 15, Wherein the parasitic 
element has a height that is greater than a height of the ?rst 
antenna; and Wherein the parasitic element is spaced from 
the ?rst antenna by a distance substantially equal to one 
quarter of the ?rst Wavelength. 

18. The vehicle system of claim 15, Wherein the parasitic 
element parasitic element has a height that is greater than a 
height of the second antenna; and Wherein the parasitic 
element is spaced from the second antenna by a distance 
substantially equal to one quarter of the second Wavelength. 

19. A method of reducing the amplitude of signals from a 
?rst antenna that Would otherWise create electromagnetic 
interference in a receiver connected to a second antenna, the 
method comprising: 

positioning a parasitic element betWeen the ?rst antenna 
and the second antenna, Wherein the parasitic element 
is responsive to the signals from the ?rst antenna to 
emit destructive interference in the direction of the 
second antenna. 

20. The method of claim 19, Wherein the parasitic element 
has a height that is greater than a height of the ?rst antenna, 
and Wherein the parasitic element is positioned a distance 
from the ?rst antenna substantially equal to one quarter of a 
Wavelength at Which the ?rst antenna is operating. 

21. The antenna system of claim 19, Wherein the parasitic 
element has a height that is greater than a height of the 
second antenna, and Wherein the parasitic element is posi 
tioned a distance from the second antenna substantially 
equal to one quarter of a Wavelength at Which the second 
antenna is operating. 

22. The method of claim 20, Wherein the parasitic element 
is a ?rst parasitic element, Wherein the method further 
comprises positioning a second parasitic element betWeen 
the ?rst antenna and the second antenna, Wherein the second 
parasitic element is responsive to the signals from the ?rst 
antenna to emit destructive interference in the direction of 
the second antenna, Wherein the second parasitic element 
has a height that is greater than a height of the second 
antenna, and Wherein the second parasitic element is spaced 
from the second antenna by a distance substantially equal to 
one quarter of a Wavelength at Which the second antenna is 
operating. 


